The Drosophila melunogaster trithorux gene encodes several large RNAs which are expressed in complex patterns in the embryo. The D. viriiis trithorax gene was isolated and sequenced. It produces a similar to D. meianoguster set of transcripts, and it encodes a protein that shows sequence similarity in several domains which are also conserved in the human homologue, ALL-1IHRX. Previous experiments have suggested that a distinct expression domain of trithorax in the posterior region of the embryo is required to maintain expression of the BX-C genes , Development 120, 1907-1917. At cellular blastoderm, trithorax RNA expression in D. virilis embryos is also confined to the posterior portion of the presumptive mesoderm. This finding supports the idea that the specific BX-C-related expression domain is an essential feature of the trithorax gene.
Introduction
The trithorax (trx) gene of Drosophila melanogaster is a member of a class of genes which have been characterized genetically as trans-regulators of homeotic genes of the Antennapedia and bithorax complexes (ANT-C and BX-C). Mutations in the genes of the ANT-C and BX-C cause homeotic transformations of body parts, and these genes are believed to be key regulators of body segment identity. They are expressed in complex patterns during embryogenesis, which are set initially by the activities of early pattern forming genes. Later in embryo development their expression patterns are maintained by the activities of trans-regulators, namely the genes of the trx and Polycomb groups (trx-G and PC-G) (reviewed in Kennison, 1993; Paro, 1993) . Since loss-of-function mutations in trx cause homeotic transformations similar to those of homeotic gene loss-of-function mutants, trx is believed to be involved in positive regulation of homeotic gene expression (Lewis, 1968; Ingham and Whittle, 1980; Ingham, 1981) . trx protein (Trx) targets are not limited to the genes of the homeotic complexes. The region-specific homeotic gene fork head (fkh) has been recently characterized as a Trx target gene (Kuzin et al., 1994) , and Trx also binds to a number of other sites on salivary gland polytene chromosomes.
The role of Trx is apparently opposite to that of proteins encoded by PC, and the other genes which constitute the PC-G, since mutations in those genes cause anterior expansion of homeotic gene expression, resulting in strong anterior toward posterior segmental transformations (reviewed by Paro, 1993) . In addition, trx and other trx-G genes have the property of being suppressors of PC (Kennison and Tamkun, 1988) . It is thought that genes of both groups encode chromosomal proteins because recent data show that PC and Trx proteins have homologies to modifiers of position-effect variegation (Paro and Hogness, 1991; Tschiersch et al., 1994) , which are believed to regulate transcription through changes in chromatin structure of their target genes. Several lines of evidence suggest that PC-G proteins act in multimeric complexes (reviewed by Paro, 1993) . This has also been suggested for trx-G proteins because mutations in several members of the trx-G produce additive effects with trx and with each other (Shearn, 1989) . We have shown recently that binding of Trx to salivary gland polytene chromosomes depends on the presence of the products of ash-l, a trx-G gene, and E(z), a PC-G gene (Kuzin et al., 1994) . Interestingly, binding of two other PC-G proteins has also been shown to depend on the presence of E(z) (Rastelli et al., 1993) suggesting that protein products of these two genetically antagonistic groups may interact directly. This is supported by genetic experiments, as well as by the apparent correspondence of a substantial proportion of the binding sites of Trx and PC-G proteins on polytene chromosomes (Kuzin et al., 1994) .
The functions of trx in embryos appear to be quite diverse, regulating various target genes at distinct times and places during development (Breen and Harte, 1992; Kuzin et al., 1994) . trx encodes two maternal and four zygotic RNA isoforms (Mozer and Dawid, 1989; Breen and Harte, 1991; Sedkov et al., 1994) . At syncytial blastoderm two of the zygotic trx RNAs are expressed in the posterior half of the embryo, mainly in the region fated to become mesoderm, suggesting that their protein product might be involved in early regulation of the BX-C genes, which are activated there. This idea was supported by the finding that expression of BX-C genes is reduced in trx mutant embryos much earlier than is expression of ANT-C genes. Consistent with the structure and expression pattern of trx RNAs we have detected two major embryonic protein isoforms expressed at both early and late stages of embryogenesis (Kuzin et al., 1994) . Both Trx proteins undergo specific cleavage near the middle of the protein. This may be functionally significant, since cleavage occurs within a sequence deleted in trxE3, a homozygous lethal mutation which was shown to affect expression of ANT-C, but not BX-C, genes (Mazo et al., 1990; Sedkov et al., 1994) .
The two Trx protein isoforms are unusually large. Their predicted size is approximately 400 kDa, although their apparent molecular weight is even larger, probably due to protein modifications (Mazo et al., 1990; Kuzin et al., 1994) . They differ only in the N-terminal region, which does not contain any known protein motifs. A human gene ALL-l/HRX is considered to be a homologue of trx because it encodes a protein of similar size which shares two large regions of homology with Trx. ALL-1 has been cloned as a gene that is disrupted in reciprocal translocations of chromosome llq23 (Gu et al., 1992; Tkachuck et al., 1992) . This chromosomal rearrangement is a hallmark of several types of acute leukemia in young patients. The breakpoints of most of these 1 lq23 translocations have been mapped to a small region in one of the introns of ALL-l. There are two homologous structures in the central Cys-rich region. In Trx this protein domain has been shown to bind Zn in vitro suggesting that it may be folded into a zinc finger-like structure (Mazo et al., 1990) . The most extensive homology (61% identity, 82% similarity over 215 amino acids) is found in the carboxy terminal region. This domain is also found in several other genes, including two Drosophila genes. One is E(z), a gene of the PC-G, as mentioned above, which encodes a protein of 747 amino acids, with the C-terminal 53 amino acids being 57% identical (70% similar) to the carboxyterminal region of Trx. Mutations in E(z) have a strong maternal effect that is suppressed by a trx null mutation (Jones and Gelbart, 1993) . Another protein with this homology is su(var)3-9 (Tschiersch et al., 1994) which contains not only the Trx homology at its C-terminus, but also a 'chrome' domain, which was previously identified as a region of homology between PC and the heterochromatin-binding protein HP1 (Paro and Hogness, 1991) . One way to assess which aspects of trx expression and protein structure are important for its function is to ask which have been conserved in other species. Therefore, we cloned the trx gene of D. virilis and determined its structure and expression pattern in the embryo. Many aspects of trx structure and expression have been conserved between D. melanogaster and D. virilis. In particular, we find that a distinct expression domain in early embryos previously implicated in maintenance of BX-C gene expression is also found in D. virilis, suggesting that it is an important feature of trx function.
Results

Cloning of the D. virilis trx gene
To gain insight into the functionally important features of trx structure and expression we cloned the gene from a related species, D. virilis, which diverged with D. melanogaster 60 million years ago (Beverly and Wilson, 1984) .
To isolate trx sequences from D. virilis, a D. virilis genomic library was screened at low stringency with probes derived from the trx coding region. Two overlapping phage clones vtrx61 and vtrx62 were identified. Preliminary sequencing showed that they were likely to contain all of the trx coding region. The largest D. melanogaster trx ORF is more than 11 kb long, and is contained within two exons separated by a 0.8 kb intron (Mozer and Dawid, 1989; Mazo et al., 1990 (Kuzin et al., 1994) . (B) Comparison of contiguous highly conserved sequences in the introns and in the 3' untranslated region of trx, Positions of these sequences are indicated by arrowheads in (A). Only the most extensive are shown.
clone, vtrx62. In D. melanogaster, the trx gene has two 5' non-coding exons separated by an approximately 8 kb intron (Mozer and Dawid, 1989; Mazo et al., 1990) . Since phage clones vtrx61 and vtrx62 do not contain the first exon, we do not know whether the D. virilis trx gene also has a large first intron.
A comparison of sequences upstream of exon 2 and in introns 2 and 3 shows that they have diverged almost completely, which is expected for non-functional regions after 60 million years of divergence. Within this large region of divergence are several small islands of striking conservation (indicated by arrowheads in Fig. 1A ). The most highly conserved of those are 2 in the first intron, 2.5 kb upstream and just upstream of exon 2 (matching at 60162 and 47150 nucleotides, respectively), and in introns 2 (45147) and 3 (40142) (Fig. 1B) . There is also a region of high sequence conservation in the 3' untranslated region, 0.6 kb downstream of the stop codon (56/64). These conserved sequences might contain functionally significant regulatory elements since a correlation has been observed between conserved sequences and regulatory regions (Kassis et al., 1989; Maier et al., 1990 ).
As mentioned above, exon 3 of the D. melanogaster gene contains the beginning of the ORF of the larger protein isoform (Mazo et al., 1990; Sedkov et al., 1994) . Although most of the sequence of exon 3 is quite divergent in the two species, sequences surrounding the first AUG are well conserved. Three out of the five D. melanogaster trx RNAs do not contain exon 3 , and encode the smaller protein isoform (Kuzin et al., 1994) . This protein isoform may also originate from the same start codon in the two species, since a short sequence near the beginning of exon 4, including the first AUG, is conserved. The 10.5 kb region of exon 4, which includes most of the trx coding region for both protein isoforms, is highly conserved.
To verify the structure of the ORF in the D. virilis trx gene, we have analyzed the intron-exon structure within the presumed coding region. For this, cDNA synthesized from the D. virilis embryonic poly(A)+ RNA was used as a template for RT PCR. The DNA fragments so obtained were sequenced, and compared with genomic DNA. We find that 0.8 kb intron 3 in D. melanogaster is 200 bp shorter in D. virilis (Fig. 1 ). Similar to the structure of the D. mefanogaster gene (Mazo et al., 1990; Sedkov et al., 1994) , we detected five 60-70 bp microintrons in the beginning of exon 4 (2) and near the end of the ORF (3). (The major difference is the presence of an additional 207 bp third microintron in the D. virilis gene). Although the lengths of the microintrons are very similar and they are located in similar places in the coding regions, their sequences are quite diverged. The splice junction of all the microintrons are in good correlation with consensus splice sequences (not shown). To identify the 3' termini of the D. virilis mRNAs, we used 3' RACE-PCR (Froman, 1990) . A single 3' end was found at position 18201, i.e. 902 downstream of the stop codon (not shown). In D. melanogaster a similar analysis has revealed two 3' termini, resulting in 154 nt and 1732 nt of 3' non-coding sequence .
Trx protein sequence comparison
Overall, the predicted Trx protein sequences from the two species are 70% identical. Despite the overall high level of similarity, a dotplot comparison of protein sequences shows that the extent of conservation differs significantly in different regions (Fig. 2) . The most highly conserved portions are two Cys-rich regions in the middle of the protein (PHD, Fig. 2 ) and the C-terminal domain (TE, Fig. 2 ). These protein domains are also conserved between Trx and ALL-l. Three other relatively large protein domains are also highly conserved, with stretches of up to 100 identical aa (hatched boxes in Fig. 2) . One of these domains is in exon 4, and corresponds to the Nterminal portion of the smaller protein isoform. The other two conserved domains are in the C-terminal half of the protein. One domain has been implicated as functionally important for a particular subset of target genes. Deletion of 271 amino acids in the central region (in the trxEj mutant) does not alter expression of BX-C genes, but has the same effect on ANT-C as the null mutant . This deletion also stabilizes full-length Trx proteins isolated from embryonic nuclear extracts, suggesting that it removes a putative protease cleavage site. However, the functional significance of this protein cleavage and its relevance to the effect of the deletion remains unknown (Kuzin et al., 1994) . In D. virilis and melanogaster this central portion of the protein contains two highly conserved sequences that are not found in ALL-I. Among the relatively poorly conserved regions is the N-terminal domain. This region is encoded by the alternatively spliced exon 3 and is present only in the large protein isoform. The expression pattern of the corresponding mRNAs suggest that this protein isoform may be required to maintain expression of ANT-C genes andfkh, but not BX-C genes (Kuzin et al., 1994) . two conserved Cys-rich regions (BR, Fig. 2) . A database search showed a substantial homology of this motif with the 'bromodomain', a conserved sequence found in a number of yeast, Drosophila, and human proteins, some of which are involved in transcriptional activation of their target genes (Haynes et al., 1992) . Two other homologous sequences flank the hormone receptor-like zinc finger motif in both Drosophila proteins (1 and 2 in Fig. 2) . The last short region of homology was found C-terminal to the Cys-rich domains in all three proteins (3 in Fig. 2) . Except for the 'bromodomain', database searches did not reveal any similarity of these sequences to other protein domains.
Several domains of ALL-l in addition to the Cys-rich region and the C-terminal domain have been implicated as being functionally important (Fig. 2) . One in the Nterminal region, contains 'AT-hooks' (Tkachuk et al., 1992) a potential DNA-binding domain which in high mobility group proteins binds AT-rich DNA. The AThook domain of ALL-l expressed in bacteria can bind cruciform DNA, recognizing the structure rather than the sequence of the target DNA (Zeleznik-Le et al., 1994 ). This motif is not found in either the D. melanogaster or D. virilis proteins. The corresponding region in both proteins is quite diverged, showing multiple insertions and deletions of one protein with respect to another. Another region of ALL-l shows homology to the zinc-binding domain of DNA methyltransferases (MT, Fig. 2 ; Ma et al., 1993) . This motif is also not found in the Trx proteins. However, in both Trx proteins we find two potential zinc finger-like structures (HR in Fig. 2 ) which are similar to the nuclear hormone receptor DNA binding domain (Fig.  3A) . This domain of the D. melanogaster protein has been shown to bind zinc in vitro (Mazo et al., 1990) although no sequence specific DNA binding has yet been described for Trx. In addition, Zeleznik-Le et al. (1994) have identified a strong activation domain in the 3' half of the ALL-l protein (AD in Fig. 2) . Although the Drosophila proteins are similar to each other in the corresponding region, we did not detect significant homology with this ALL-1 region.
Comparison of trx expression patterns in the embryo
In D. melanogaster embryos trx encodes five 11-14 kb RNA species, the complete structures of which have been determined . The differences in these RNAs arise from differential usage of exons 2 and 3. In addition, the smaller maternal RNA M is devoid of the long 3' untranslated region. Sequence comparison of the D. virilis and D. melanogaster genes showed that exons 2 and 3 are partially conserved, suggesting that the same pattern of alternative splicing might occur in D. virilis. To gain further insight into the features of the D. virilis gene we compared RNAs from both species by Northern blot hybridization. Fig. 4 shows that there are several embryonic D. virilis RNAs of three major sizes, similar to those of D. melanogaster. Presumably the longer band is analogous to the late RNA L, the intermediate band might correspond to the major RNA species ME, and the smaller band is analogous to the maternal RNA M in D. melanogaster . The results of this experiment taken together with sequence comparisons suggest that the overall structure of trx RNAs in both species is very similar, although they may differ in some details.
In D. melanogaster, the expression of trx suggests a number of diverse roles for this gene in development. We have argued previously that a spatially restricted transient expression domain of the early embryonic RNAs ME and El plays a specific role in maintaining the expression of genes of the BX-C ). This conclusion was based on several observations, including the fact that this expression domain overlaps that of the BX-C genes. These RNAs are initially expressed at syncytial blastoderm in the posterior region of the presumptive mesoderm (Fig. 5) . In addition, four pair-rule-stripes corresponding to fushi tarazu (ftz) stripes 3-6 appear during cellularization.
trx stripes 1, 2 and 4 are stronger than stripe 3 and are seen until stage 8. Unlike& stripes, at the initiation of gastrulation these stripes do not narrow but remain four cells wide . Comparison of both Drosophila proteins with the In most aspects, expression of the trx gene in D. virilis ALL-l sequence has revealed several relatively short horesembles trx expression seen in D. melanogaster. At mologous regions which had not been previously noted syncytial blastoderrn in D. virilis embryos, trx is pre- (Fig. 2) . The most interesting one is found between the dominantly expressed in the posterior portion of the pre- 
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. . . . . . . . conservative substitutions found in all the proteins. Asterisks mark the invariant residues in ail bromodomains (Haynes et al., 1992) . Database accession numbers: DHR3-M90806; 75B-X15586; ER-P03372; ALL-l-L04284; FSH-M23221; BRM-M85049; CCGl-M73444; CREB-S66385; TFIID-S61883; SNF2-X57837.
sumptive mesoderm (Fig. 5A) . As cellularization progresses, expression also appears in a broad domain in the ectoderm, and is later split into several stripes (Fig. 5C) .
Unlike in D. melanogaster, only stripe 2 in D. virilis is strong, while stripes 1, 3, and 4 are quite weak. Double staining experiments with even skipped (eve) antibodies showed that at cellular blastoderm the posterior boundary of trx expression in the presumptive mesoderm extends slightly beyond stripe 7, corresponding to PS13, as it does in D. melunogaster (Fig. 5C,D) . At all embryonic stages the anterior boundary of this domain is not as sharp as it is in D. melanogaster and seems to extend slightly be-yond eve stripe 3, i.e. into PS4. In contrast, in D. melanogaster the anterior boundary corresponds to the posterior of PS5 . This suggests that in D. virilis trx may regulate the expression of the Antp gene at early stages, in addition to the BX-C, although the PS5 expression is very weak. At the time of germ band elongation in D. melanogaster, early expression fades away, and is followed shortly thereafter by the expression of the major late embryonic RNA L (Sedkov et al., 1994, Fig. 5) . At late stages trx expression in both species is more uniform, and is virtually indistinguishable.
It is expressed at high levels in the brain and ventral nerve cord. with some expression in the gut.
Discussion
The rationale of an analysis of related genes in distant species is that only functionally important sequences, both protein coding and regulatory, should be evolutionary conserved. Moreover, for several genes, including Ubx of the BX-C, strong conservation of tissue-and stage-specific patterns of expression of different isoforms has been found between D. melanogaster and D. virilis (Bomze and Lopez, 1994) . This indicates that expression patterns that are functionally important, as implicated by genetic analysis, have been conserved between distant species. The studies presented here show that structural and functional aspects of D. melanogaster trx expression are highly conserved to D. virilis, lending support to previous data which suggested that it plays several distinct roles in embryonic development.
Much of our previous effort has been devoted to the identification of genetic factors that are required for spatially and temporarily restricted expression of early embryonic trx RNAs (Sedkov et al., unpublished) .
It was found that most, but not all, of the regulatory elements required for correctly patterned expression lie within a 3 kb DNA fragment upstream of the first exon. The conservation of DNA sequences in the introns, reported here, suggests that important regulatory elements may also lie in these regions. Indeed, most of the recessive lethal trx mutations mapped so far were due to lesions in the first two introns (Mozer and Dawid, 1989; Breen and Harte, 1991; our unpublished data) . In addition, two presumed regulatory mutation, trxBJ6 and trxB17, have been roughly mapped within 3 kb upstream of exon 2 and in intron 2, respectively. Our analysis revealed several long contiguous stretches of similarity in these introns which may correspond to the functionally important regions disrupted in these mutations.
Despite the high overall conservation, some sequences within the trx coding region are not highly conserved. This helps to define more precisely the functional protein domains. Since the finding that ALL-l is homologous to Trx there was little doubt that the central Cys-rich and the C-terminal domains of Trx are functionally important. melanogasrer RNAs which have been determined earlier are: 14.2 kb RNA L; 12.5 kb RNA ME; 10.9 kb RNA M (minor RNA species El and E2 are not seen on this gel). Three similar major bands are seen in D. virilis Irx RNA. This is further supported by the finding that other proteins contain similar domains. The Cys-rich regions of Trx and ALL-l each contain three zinc-finger-like motifs with the unique Cys4-His-Cys3
pattern spanning approximately 50-80 residues. Sequence similarity searches have shown that this motif, called a PHD finger, is conserved in several other proteins including the PC-G protein Polycomblike (Aasland et al., 1995) . PHD fingers are also encoded by the human gene XE169, an X-linked gene which escapes X inactivation (Agulnik et al., 1994; Wu et al., 1994) . Another nuclear protein, Br140, contains both bromodomain and one PHD finger (Thompson et al., 1994) . It is not known whether PHD fingers are involved in protein interactions or in DNA binding. Domains homologous to the C-terminal domains of Trx and ALL-l (TE in Fig. 2 ) have also been found in several other pro- teins, including su(var)3-9 and the PC-G protein E(z) (Jones and Gelbart, 1993; Tschiersch et al., 1994) . Previous data suggested that four protein domains, the chromodomain, the bromodomain, PHD fingers, and the Cterminal domain of Trx/E(z), are found in many of the trx-G, PC-G, and other proteins involved in chromatinmediated transcriptional regulation. From this perspective it is quite interesting that our comparison of the Trx proteins from D. virilis and D. melanogaster with ALL-l revealed the existence of a sequence that is very similar to the bromodomain.
However, Trx sequence is similar only to the part of the bromodomain.
( Fig. 3B ). This suggests that Trx bromodomain is quite diverged from that of other proteins. It is also possible that bromodomain of most proteins consists of different subdomains, one of which might be the central part which is conserved in Trx and ALL-I. Two other Drosophila bromodomain-containing proteins are encoded by the trx-G genes brahma (brm) and fs(l)h, which interact with trx genetically (Digan et al., 1986; Tamkun et al., 1992) . trx and brm have been shown to interact in the activation of Ubx, and brm has further been shown to be required for the maintenance of activity of several other homeotic genes (Tamkun et al., 1992) . The bromodomain has also been shown to be functionally important in the yeast transcriptional activator GCNS (Marcus et al., 1994) , although its exact function in this context has not yet been defined.
One of the remaining questions about how Trx and PC function is how they recognize their target genes. Since these proteins bind to a limited number of sites on salivary gland polytene chromosomes, it is clear that there is some mechanism of DNA recognition based directly or indirectly, on either DNA sequence or structure. However, although the AT-hook domain of ALL-l binds cruciform DNA (Zeleznik-Le et al., 1994) , no DNA binding specificity has yet been reported for either trx-G or PC-G proteins. These proteins do not contain any recognizable DNA binding motif, with the possible exception of the zinc-finger-like structures found in Trx and several PC-G proteins. We believe that the hormone receptor-like structure that is conserved between D. melanogaster and D. virilis is the most promising candidate for a DNA binding domain in the Trx molecule (Fig. 3A) . In fact, most of the residues, including all of the cysteines, which are found in the DNA binding domains of all hormone receptors are also conserved in Trx. Moreover, the similarity between these domains is higher at those positions which have been implicated by mutagenesis studies and crystal structure analysis to be involved in dimerization and in contacting DNA (Schwabe et al., 1993 and references within). The major differences between the Trx and hormone receptor domains are the length of the putative zinc-fingers and the spacing between them. Despite the similarities the relatedness to a known DNA binding domain may only be considered to be suggestive of a DNA binding function. In this regard, Trx does not contain recognizable hormone-binding domains, and is otherwise very different in structure from hormone receptors.
Several general features of trx expression in D. melanogaster have been conserved to D. virilis. Because of the large size and complexity of trx RNAs (Mozer and Dawid, 1989; Sedkov et al., 1994) we did not attempt to analyze their structure in D. virilis in detail, as has been done previously for D. melanogaster RNAs, but we have compared their overall properties. In D. virilis the sizes of trx RNAs are similar to those of D. melanogaster. The composition and sizes of exons and introns are also very similar, with the possible exception of the non-coding exon 1, which has not been cloned. Taken together, these results suggest that the pattern of trx alternative splicing is conserved in these species. More importantly, the expression patterns of trx RNAs are also conserved in D. virilis. These include the uniform expression of maternal trx RNA (not shown), the initial zygotic expression in a posteriorly restricted domain of the embryo, and late expression predominantly in the head and CNS (Fig. 5) . The conservation of the widespread late embryonic expression in D. virilis was anticipated, since in D. melanogaster, trx function is required to maintain proper expression of different genes in many developing tissues. The previous finding in D. melanogaster of a posteriorly restricted domain of expression of a subset of trx RNAs at cellular blastoderm suggested that the corresponding protein isoforms play more specific roles in maintaining expression of only posteriorly expressed genes . This was confirmed by the analysis of BX-C and ANT-C expression patterns in trx mutant embryos. At early embryonic stages, expression of BX-C genes, but not ANT-C, was reduced in both ectoderm and mesoderm in the region of this expression domain. This suggests that early trx function is specifically required to maintain expression of the BX-C genes. Finding a similar evolutionary conserved transient expression domain at cellular blastoderm in D. virilis implies that this trx function is not a consequence of the history of homeotic gene regulation, and that in other species diverse roles of trx are also functionally important. Since general features of RNA structure are also similar, this suggests that trx early BX-Crelated function in both species might be provided by a smaller protein isoform, while the larger protein isoform might be required for proper expression of ANT-C and other genes. It would be interesting to know whether this aspect of trx functioning might be conserved even in mammals, since in the human ALL-l alternative splicing occurs in the N-terminal coding portion (Domer et al., 1993) , suggesting that it may also encode two similar protein isoforms with diverse functions.
Experimental procedures
Isolation of genomic D. virilis trx sequences
Construction of the D. virilis genomic library used has been described previously (Mizrokhi and Mazo, 1991) . This D. virilis library was screened at low stringency (0.2~ SSC, 0.1% SDS at 42°C) with a mixture of two probes derived from the D. melanogaster trx coding region (nt 5255-6306 and nt 11351-12935, accession no 231725). Filters were washed at low stringency, i.e. with 0.2~ SSC, 0.1% SDS at 42°C. Two positive overlapping phage clones were identified; 1.2 kb at the 5' end of clone vtrx62 and the entire clone vtrx61 have been sequenced by the dideoxy method of Sanger carried out with the Sequenase kit (US Biochemical) and by a PCR-based Cycle Sequencing System (GIBCO BRL). An additional 238 nt of trx transcripts have been sequenced by 3' RACE PCR. This sequence has been deposited in the GenBank data base, accession no. 250038. D. melanogaster trx phage 12 (Mozer and Dawid, 1989) was subcloned, and fragments corresponding to the large first intron sequenced. The sequence of the entire trx transcription unit from -2.9 to +23 kb has been deposited in the GenBank data base, accession no. 250152. DNA sequence analysis and protein comparisons were done with the GCG programs Compare, Dotplot, Bestfit, and Pileup (Genetics Computer Group).
RT PCR experiments
Oligonucleotides were synthesized that were specific for the 3' end of exon 3, the 5' end of exon 4, and for each of the regions containing microintrons (see scheme in Fig.  l) , and those were used to analyze D. virilis mRNA by the reverse transcriptase (RT)-PCR method, as described in Ausubel et al. (1993) . To map the 3' ends of D. virilis trx transcripts, 3' RACE analysis was performed according to Froman (1990) . DNA fragments obtained after PCR amplification were sequenced directly by a PCRbased Cycle Sequencing System (GIBCO BRL) for dsDNA. RNA preparations from O-20 h D. virilis embryos were used as templates in these experiments.
Northern blot analysis
Total RNA was extracted from O-20 h D. virilis embryos and from D. melanogaster adult females by the guanidinium thiocyanate/phenol procedure. Poly(A)+ RNA was fractionated by electrophoresis through 0.8% formaldehyde agarose gel at 4 V/cm for 14 h and trans-ferred by capillary blotting to a nylon membrane (Magna, MSI). RNA isolation and hybridization was performed as described in Mozer and Dawid (1989) .
In situ hybridization
RNA in situ hybridization on whole-mount embryos using digoxigenin-labeled antisense RNA probes was performed according to a modification of the protocol of Tautz and Pfeifle (1989) . Embryos (O-18 h) from D. virilis were collected, fixed in formaldehyde and prepared for hybridization.
Generally 1 pg of plasmid DNA was used to synthesize antisense RNA probes with the Genius 4 kit (Boehringer-Mannheim). 
D. virilis
